In drained peatland forests ditch networks need regular maintenance operations in order to sustain their drainage capacity. These operations however have a significant impact on the quality of the runoff water from the ditched areas. Peak runoff control (PRC) method has been proposed as a possible method to diminish the load to water courses through retention of the runoff temporarily in the ditch network during maximum runoff events using dams with a plastic control pipe. However, blocking water into the ditched area for periods of varying length during the growing season may have a negative impact on the growth of the tree stands. In this study past stand growth was investigated in Central Finland in altogether 10 sample Scots pine thinning stands in which the PRC method has been applied 5 growing seasons earlier. In each stand, a pair of sample plots was established: one plot next to the dam within the influence of periodic flooding and the other one outside the effect of periodic flooding. For determining stand growth, field measurements were made in August 2009. Stand growth near the dam was on average 0.54 m 3 ha -1 a -1 lower than farther away from the dam but the analysis of covariance showed that the dam effect was not significant. The results of this study suggest that the PCR method does not decrease Scots pine stand growth during the first five year growth period after ditch cleaning.
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Introduction
Peatlands drained for timber production constitute one fourth (5.5 mill. ha) of the productive forest land area and one fifth (289 mill. m 3 ) of the growing stock in Finland (Hökkä et al. 2002) . Since the drainage networks gradually loose their water transportation capacity, they should be maintained in order to prevent retarded tree growth due to rising water table levels. Ditch network maintenance (DNM) operations cause significant load to the receiving water courses, mainly in a form of increased amount of suspended solids . Non-point suspended solids transport and erosion are the key water quality problems in ditch network maintenance (DNM) operations. The load is generated during the ditch digging work or during the following years as a result erosion of ditch walls or beds during high flow events (Marttila and Kløve 2010a) .
Peak runoff control (PRC) method has been used in peatland drainage areas to reduce high peak flows (Kløve 2000 , Amatya et al. 2003 , Marttila and Kløve 2009 , Marttila and Kløve 2010b . The PRC idea is based on a concept in which runoff is temporally stored in ditch network during high runoff events. Detention is achieved by a dam and a set of control pipes that regulate the flow (Marttila et al. 2010) . It has been shown in several previous studies that the method reduces peak flow and flow velocity, prevents ditch-bed erosion, settles suspended solids and particle bound nutrients in the peat harvesting sites (Kløve 2000, Marttila and Kløve 2009 ) in forested peatlands in temperate (Amatya et al. 2003) and boreal forestry conditions (Marttila and Kløve 2010b) .
Because the PRC method temporarily stores water into the ditch network, it may lead to reduced drainage which is basically opposite to the aim of the DNM operation: instead of lower water table in the soil, higher water table levels may occur. With elongated flooding, tree roots may suffer lack of oxygen, which may turn out as continuing retarded growth or negligible growth response to DNM. In order to improve runoff water quality, PRC must retain runoff during high flow events. The design should balance between runoff retention and sufficient drainage after ditch network maintenance to provide better conditions for improved tree growth.
The influence of flooding on trees is controlled by the duration, repetition, and timing of the flooding event, as well as the depth and quality of flooding water (Glenz et al. 2006 , Kozlowski 1982 , Tuononen et al. 1981 . Also the tree species, tree age, and individual properties of the tree influence how trees respond to flooding (Glenz et al. 2006 , Kozlowski 1982 . Generally, the flooding effects are realized in declined shoot and root growth (Glenz et al. 2006) . Flooding during the growing season is clearly more harmful for trees, because during dormant season, need of oxygen by the roots is minimal. Glenz et al. (2006) have classified Scots pine as a low-tolerant species in terms of flooding. Späth (1988 Späth ( , 2002 has proposed that Scots pine would maintain its vitality if the duration of flooding does not exceed 30-40% of the growing season.
Based on results from field experiments in central Finland, Pelkonen (1975) and Päivänen (1984) have shown that if water table levels are adjusted near the soil surface in drained peatland stands during late growing season (July-August), Scots pine height growth will decrease by 60% and circumference growth by 35% (Pelkonen 1975) . Contrary to this, no harmful effects due to high water table levels in early growing season were noticed. Pelkonen (1975) concluded that flooding before mid-June did not cause any impact on growth of peatland pine trees. Since the PCR structure does not adjust the water table to any specific level, great variations in severity and duration of flooding events among growing seasons may exist, depending on spring and summer weather conditions. The aim of this study was to find out if the repeated storing of peak flow water in the ditch network during growing season influence negatively on the growth of peatland Scots pine (Pinus sylvestris L.) stand in the proximity of the PRC control dam. On the basis of the results of previous studies, we hypothesized that flooding does not decrease stand growth near the PRC dam. The data was collected from practical ditch network maintenance areas from Viitasaari and Pihtipudas, central Finland.
Materials and Methods

Data Sampling
In Viitasaari and Pihtipudas, north central Finland, the PRC dams have been applied for several years in practical forest management in connection with DNM operations. Since the method is rather new even there, the longest operating time period found in the potential areas was six growing seasons. In order to get sufficient number of study sites, five post-treatment growth years was chosen as the minimum necessary time for this analysis. Altogether ten areas were selected based on following criteria: 1) the PRC structure is still working as planned , 2) two sample plots -one representing an area affected by flooding (plot 1) and another one representing intact area (plot 2) -could be established within one stand. Further selection was made to obtain stands that were more or less homogeneous, Scots pine dominant, and of similar drained peatland site type. Seven stands represented advanced thinning stands, and three were young thinning stands. Stand volumes ranged from 86 to 154 m 3 ha -1 (Table 1) . The site quality in the data ranged from very good to poor pine sites (Laine and Vasander 2005) (Table 2 ). All sites were located within a rather small geographical area (Fig. 1) .
After marking of the location of the sample plot pairs, their center point elevations and PRC dam top elevations were determined using a precision GPS and a tachymeter in summer 2007 and 2008 ( Table 2 ). The mean distance of the plots was 129 m with range from 62 m to 299 m. The mean distance from the PRC dam to closest plots was 43.5m, ranging from 18 m to 96 m.
Stand Measurements
The field measurements included measurement of the tree attributes from a variable size sample plots delineated in a way that the total number of trees included in a sample plot was approximately 30 (Gustavsen et al. 1988, Penttilä and Honkanen 1986 ). All living trees over 4.5 cm in diameter at 1.3 m height above ground (dbh) were inventoried in 0.1 cm accuracy. A smaller sub plot (area 1/3 of that of the sample plot) was superimposed on the larger plot and several sample tree characteristics (e.g., tree height, height growth, crown length, possible diseases) were determined from those trees (n ≥ 10). In order to determine diameter growth, an increment core sample was taken from every Scots pine sample tree to cover the past 15 years' growth. The width of the annual tree rings was measured with accuracy of 0.01 mm using a microscope in the tree ring laboratory of Finnish Forest Research Institute Rovaniemi unit.
The volume (m 3 ha -1 ) of living trees was calculated in both plots (plot 1 and plot 2) at the time of sampling in August 2009 using the KPL software (Heinonen 1994) . Based on tree growth measurements, annual volume growth in each sample plot was calculated to cover a full five-year period after construction of the PCR dam and another five-year period preceding the construction. In the comparison, average growth of both periods was used. The used calendar year periods were 2000-2009 in three stands and 1999-2008 in seven stands (Table 1) .
Other Measurements
Precipitation was obtained from the Finnish Meteorological Institute's Kolimajärvi-Kellankoski weather station. The mean annual precipitation during the study period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) 
Methods
In the growth analysis, average five year stand growth after the construction of the dam was used as the response variable. Average growth on plots 1 and 2 was calculated and group means were compared. Then analysis of covariance was made in which the 5-year post-treatment growth was explained by the treatment effect (plot location) and stand volume at the time of PRC dam construction (in the beginning of the five-year period) and the average pre-treatment volume growth. The analysis was carried out with SAS glm procedure (SAS Institute Inc. 2003) . Because the vertical difference of sample plot midpoint elevations was less than 0.1 m in three sites (sites 4, 7 and 10, Table 1 ), possibility of flooding also on plot 2 existed in these sites. Due to this the statistical analyses were carried out first for all data and then for data where these three sites were omitted.
Results
Growth Analysis
The PRC dam did not have a significant negative effect on tree growth. When all ten sample sites were included in the analysis, the mean five year growth in plots 1 and 2 were on average 4.19 and 4.73 m 3 ha -1 a -1 , i.e., slightly lower growth in stands which were located near the PRC dam (Fig. 2) . This difference was non-significant (p = 0.4854) due to the relatively large standard error.
The covariance analysis showed that the pretreatment growth (p < 0.0001) and the stand volume at the time of PRC dam construction (p = 0.0171) were significant predictors of the post-treatment growth (Table 3) . The location effect, in turn, was non-significant (p = 0.5222). Based on the covariance model in Table 3 , the covariance corrected average growth in plot 1 next to the PRC dam was 4.36 m 3 ha -1 a -1 and that in plot 2 was 4.56 m 3 ha -1 a -1 . Consequently, only minor part of growth differences were due to differences in the pre-treatment growth. In these data the used covariates were similarly related to growth in both groups (plots 1 and 2) and use of covariates did not reveal any further differences among the groups in terms of the PRC treatment. Omitting sites 4, 7 and 10 from the data slightly decreased the mean observed differences but recalculation of the analysis did not change the results.
Water Table Variations
The water table (WT) measurements showed that in July-August 2009 median WT depth varied from 26 cm to 55 cm below peat surface (average 39.8 cm) (Table 4 ). In June the WT levels were 
Flooding Events
In sites 4, 5, 6, and 10, where runoff and ditch slope measurements had been made, flooding events during spring snow-melt season and also during growing season in 2007-2008 were observed and the corresponding uppermost water levels were calculated (Fig. 3) . During spring floods detention volume filled and water level in ditches approached the dam surface. Highest water level during summer seasons (JuneAugust) was noted during extreme rainfall (65 mm/day on July 21, 2008), when water levels almost reached spring flood conditions. However, a normal high rainfall situation, i.e., 10-20 mm/ day caused only water detention at lower part of the ditch network suggesting that damming had only a minor effect on drainage conditions. Since Kiviselkämä area was completely flat, it was the only area, where severe flooding could inundate the whole peatland.
Discussion
The analysis indicated no statistical differences in the five-year post treatment growth between the two plots which were at different distances from the PRC dam. In the observed means there was a difference of 0.54 m 3 ha -1 a -1 in favor of plots locating further away from the dam. Taking into account the covariance correction, the difference was only 0.20 m 3 ha -1 a -1 . These differences (observed and corrected) were statistically non-significant because of the variability in the data. Omitting sites where the vertical differences between plot 1 and 2 were marginal did not change the results. The results of this study are in line with those of previous studies which have shown that the early summer high water table levels did not affect tree growth in drained peatland Scots pine forests (Pelkonen 1975 , Päivänen 1984 . The PRC structure evidently caused spring and summertime flooding, but the events appeared to be short in time. In part of the study areas (sites 4, 5, 6 and 10) also runoff and detention times were monitored (Marttila et al. 2010 ). According to Marttila et al. (2010) , maximum detention time during early summer was 10 days. Some flooding events took place also during later parts of the growing season in the monitored years (2007) (2008) , but according to Marttila et al. (2010) , summertime extreme rainfalls caused a maximum of 2 days detention.
Effects of flooding on trees are mediated through the root system, the suffering of which is most commonly seen in declined shoot and root growth (Glentz et al. 2006) . Inundation of the root layer causes a drastic decrease in exchange of oxygen in the soil with consequent changes in vegetative growth and plant anatomy as well as promotion of mortality (Kozlowski 1982 (Kozlowski , 1997 . Most of Scots pine roots in drained peatlands are located within the topmost 20 cm peat layer (Paavilainen 1966) . Pelkonen (1975) showed that flooding in early summer does not harm growth of Scots pine. According to Pelkonen (1975) flooding should start in early August and inundate the topmost peat layer for several weeks in late summer in order to cause decreased growth of Scots pine. In the sites where runoff measurements were made, the observed flooding occasions were a way too short to form a threat to tree growth.
Based on results from water table monitoring in plots that were located within the influence of the PCR dam, at least the monthly median water table levels did not reach a level detrimental for tree growth during late growing season (July and August). In 2008 water level was within 20 cm depth in site 7 (Table 5 ) and near 20 cm depth in sites 3 and 10. Summer 2008 was the coolest and wettest during the study period, which suggests that soil drainage conditions were generally good. In general, tree growth and water table depth of the current year are not closely correlated (e.g., Pelkonen 1975 ). Instead, long-term mean water table level is correlated with long-term growth (Hökkä et al. 2008) . In this study, the water table level measurements were not sufficient to investigate real causalities merely they indicated if there were sites where water table could reach critically high levels.
Recent studies have pointed out that evapotranspiration of tree stand itself has a remarkable influence on soil water table levels in drained peatlands . Water use of a stocked tree stand may compensate for poor drainage and keep late summer water table levels generally low. No such relationship could be found in this study, possibly due to the narrow range of stand volumes. It is however possible that in most stands there was additional storage capacity in the soil in late summer, making the potential water storage volume essentially larger than that of the volume of the ditches.
All the results from growth differences, water table, and flooding support the hypothesis that water detention in drainage network was short in time and could not cause the PRC method to affect tree growth. This is also the fundamental assump-tion in the PRC method dimensioning; excessive water detention is avoided using suitable control pipe dimensioning in the dam structure (Marttila et al. 2010) . The PRC method is most ideal in conditions with slight surface slope: possible flooding is limited within a small area surrounding the dam. In this study only Kiviselkämä area was completely flat with likelihood to inundate larger areas.
Some reservations on the results can be made. Generally, the five years study period is a short time for trees to respond to ditch network maintenance. Hökkä and Kojola (2002) have shown that the growth response to ditch network maintenance operations peaks within 6-10 years time. It is thus possible that significant growth differences may appear within the next five-year period. Although the observed growth difference (0.54 m 3 ha -1 a -1 ) is low, it is comparable to the growth response to DNM operation in southern Finland (Ahti 2005) and may be of importance with time. Another point is that the sample size was somewhat limited, and despite the attempts to obtain a homogeneous sample, the random variations in stand and site conditions may have masked differences in growth. In further studies, a larger sample covering a longer post-treatment study period (up to 10 years) is recommended to verify the results.
Conclusions
The peak runoff control (PRC) structure can be used to store peak flow water in the ditch network in drained peatland forestry areas. Based on findings of this study, no significant decrease of growth of peatland Scots pine stands in the proximity of the PRC control dam was observed.
